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(57) ABSTRACT

A method for the detection and classification of microcalci-
fication clusters in digital mammograms which comprises the
following steps: obtaining one or more digital mammograms;
pre-processing the one or more digital mammograms by
eliminating the noise from each one or more digital mammo-
grams; detecting the points that are potential microcalcifica-
tions represented by their centroids, in the one or more pre-
processed digital mammograms; identifying each mass
center of potential microcalcifications as a microcalcification
or non-microcalcification; identifying microcalcification
clusters, using an algorithm for locating microcalcification
cluster; and classifying each cluster into the classes benign or
malignant.

8 Claims, 1 Drawing Sheet
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METHOD FOR THE DETECTION AND
CLASSIFICATION OF
MICROCALCIFICATION CLUSTERS IN
DIGITAL MAMMOGRAMS

BACKGROUND OF THE INVENTION

A. Field of the Invention

The present invention is related to methods for the detec-
tion of breast cancer with screening mammography and more
particularly to a method for the detection and classification of
microcalcification clusters in digital mammograms that uses
neural networks and genetic algorithms processed by a data
processing system.

B. Description of the Related Art

Cancer is a term used to refer to a group of diseases where
a group of cells of the body grow, change and multiply out of
control. Usually, each type of cancer is named after the body
part where it originated. When this erratic and uncontrolled
proliferation of cells occurs in the breast tissues, it is known as
breast cancer. Breast cancer is the fifth cause of death caused
by cancer worldwide, after lung cancer, stomach cancer, liver
cancer and colon cancer. During 2005, breast cancer caused
approximately 502,000 deaths in the world. Among women,
breast cancer is the type of cancer that causes the largest
number or deaths worldwide, followed by lung, stomach,
colorectal and cervical cancers

The highest survival rates for breast cancer occur when itis
detected in its earlier stages, when it usually appears in mam-
mograms as very small specks of calcium known as micro-
calcifications. This survival rate decreases as cancer
progresses undetected forming a mass or lump, called a tumor
(extra tissue formed by rapidly dividing cells). Tumors can be
either malignant (cancerous) or benign (non-cancerous).
Breast malignant tumors penetrate and destroy healthy breast
tissues. Eventually, a group of cells from a tumor may break
away and spread to other parts of the body. These groups of
cells spreading to another region are called metastases. Sur-
vival rates when breast cancer is discovered and begins to be
treated in these advanced stages are low. There are several
techniques for discovering breast cancer, which vary in their
invasiveness, detection effectiveness and the breast cancer
stage where they are more effective in. None of them provides
absolute certainty about their predictions, so false positives
(declared positive when no cancer is present) or false nega-
tives (declared negative when cancer is present) results may
occur, at different degrees of frequency. Breast self-examina-
tion (BSE) and clinical breast exam (CBE, performed by a
trained medical or health professional) are the easiest proce-
dures for detecting breast cancer, and they can detect lumps
that are likely to be of cancerous origin. Nevertheless, if a
detected lump is in fact malign, it means it has been develop-
ing for sometime, and certainly it is not in its initial stage.
Other non-invasive methods that can detect breast cancer in
early stages are mammography and breast ultrasonography.

Mammography is a special type of x-ray imaging used to
create detailed images of the breast, and is the most widely
used method for breast cancer detection in its early stages.
Mammography can show changes in the breast well before a
woman or her physician can feel them. Once a lump is dis-
covered, mammography can be very useful in evaluating the
lump to determine if it is cancerous. If a breast abnormality is
found or confirmed with mammography, additional breast
imaging tests such as ultrasound (sonography) or a breast
biopsy may be performed. A biopsy is an invasive procedure,
and itinvolves taking one or more samples of breast tissue and
examining it under a microscope to determine whether it

10

15

20

25

30

35

40

45

50

55

60

65

2

contains cancer cells or not. Usually, mammography or ultra-
sound, are used to help the radiologist or surgeon guide the
needle to the correct area in the breast during biopsy. In
resume, the main motivation of this work is the need to count
with efficient tools that analyze the results of common tech-
niques used in early detection of breast cancer (mainly mam-
mograms) in order to support the work of expert radiologists
and help them to provide more accurate and earlier results to
patients, and therefore increasing their chances to survive.

Despite many advances in techniques for early breast can-
cer detection, mammography is still the main standard, espe-
cially in developing countries. Its low cost, and the fact that is
not invasive, coupled with its high effectiveness make it a
widely used technique. Nevertheless, a small percentage of
cancer can be missed by mammography, and it is still impor-
tant for women to have their breasts examined on a regular
basis by a healthcare professional, and perform monthly
breast self-exams. There are several findings that can be
observed in a mammogram, like masses, cysts, architectural
distortions, areas with asymmetric densities, and microcalci-
fications (tiny calcium deposits).

Microcalcifications are often signs of breast cancer in its
earliest stages, especially when they appear forming clusters.
It is a common practice for radiologists who diagnose early
signs of breast cancer in mammograms to pay special atten-
tion in the detection of microcalcification clusters. However,
the predictive value of mammograms is relatively low, com-
pared to biopsy. This low sensitivity (correct diagnosis of
positive cases) is caused by the low contrast between the
cancerous tissue and the normal parenchymal tissue, the
small size of microcalcifications and possible deficiencies in
the image digitalization process. The sensitivity may be
improved having each mammogram checked by two or more
radiologists.

While a radiologist may miss some abnormalities in a case,
another specialist may detect them. Despite the obvious ben-
efit of double checking, it has the consequence of making the
process inefficient from a practical viewpoint, because of the
usually reduced number of mammography specialists in
medical institutions (specially in developing countries) and
by reducing the individual productivity of those specialists.
The process of producing a mammogram may take between
20to 30 minutes, and an initial diagnosis, usually takes about
40 minutes. Said time could increase if the suspicious abnor-
malities cannot be easily identified and confirmed as benign.
A viable alternative is to replace one of the radiologists by a
computer system, giving a second opinion. The system could
emphasize suspicious abnormalities and show regions of
interest for the specialists, and the results provided by the
system could be confirmed or rejected by them.

In general, any computer system intended for the detection
and diagnosis of individual microcalcifications and microcal-
cification clusters in mammograms should have some image
processing functions that make possible the identification and
isolation of individual microcalcifications and the posterior
identification of microcalcification clusters. Such system
should also include some classifying techniques for pre-di-
agnosing the detected microcalcification clusters into benign
ormalignant. Some previous works have used techniques like
wavelets, fractal models, support vector machines, math-
ematical morphology, bayesian image analysis models, high
order statistic, fuzzy logic, etc., in order to attempt the detec-
tion of real microcalcifications in the mammogram.

The present invention comprises a method for detecting
microcalcification clusters in mammograms; and their clas-
sification into one of two classes: benign (usually the pres-
ence of tiny benign cysts) or malignant (possible presence of
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early breast cancer). This procedure is mainly based in dif-
ference of Gaussian (DoG) filters for the detection of suspi-
cious objects in a mammogram, and artificial intelligence
techniques combining genetic algorithms (GA) and evolu-
tionary artificial neural networks (ANN) for the classification
of such objects into microcalcifications or non-microcalcifi-
cations, and later for classifying the detected microcalcifica-
tion clusters into benign or malignant.

DoG filters are adequate for the noise-invariant and size-
specific detection of spots, like the points that appear ina DoG
image. This DoG image represents the microcalcifications if
a thresholding operation is applied to it. A procedure that
applies a sequence of difference of Gaussian filters was devel-
oped, in order to maximize the amount of detected probable
individual microcalcifications (signals) in the mammogram,
which are later classified in order to detect if they are real
microcalcifications or not. Finally, microcalcification clus-
ters are identified and also classified to determine which ones
are malignant and which ones are benign using several types
of evolutionary neural networks.

SUMMARY OF THE INVENTION

It is therefore a main object of the present invention, to
provide a method for the detection and classification of
microcalcification clusters in digital mammograms which is
based in difference of Gaussian (DoG) filters for the detection
of suspicious objects in a mammogram, and artificial intelli-
gence techniques combining genetic algorithms (GA) and
evolutionary artificial neural networks (ANN) for the classi-
fication of such objects into microcalcifications or non-mi-
crocalcifications, and later for classifying the detected micro-
calcification clusters into benign or malignant.

It is also a main object of the present invention, to provide
a method for the detection and classification of microcalcifi-
cation clusters in digital mammograms of the above referred
nature, in which a procedure that applies a sequence of dif-
ference of Gaussian filters is used in order to maximize the
amount of detected probable individual microcalcifications
(signals) in the mammogram, which are later classified in
order to detect if they are real microcalcifications or not.

It is another object of the present invention to provide a
method for the detection and classification of microcalcifica-
tion clusters in digital mammograms of the above referred
nature, in which microcalcification clusters are identified and
also classified to determine which ones are malignant and
which ones are benign using several types of evolutionary
neural networks.

These and other objects and advantages of the method for
the detection and classification of microcalcification clusters
in digital mammograms of the present invention will become
apparent to those persons having an ordinary skill in the art,
from the following detailed description of the embodiments
of the invention which will be made with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of the method of the present invention
including all of the steps of the method.

DETAILED DESCRIPTION OF THE INVENTION

The method for the detection and classification of micro-
calcification clusters in digital mammograms of the present
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invention will be described in accordance with a preferred
embodiment thereof and making reference to the accompa-
nying drawings.

The method for the detection and classification of micro-
calcification clusters in digital mammograms of the present
invention is processed entirely on a data processing system
that receives a digital mammogram as an input, and processes
the following five steps that comprises the method of the
present invention: pre-processing, detection of potential
microcalcifications (signals), classification of signals into
real microcalcifications, and detection of microcalcification
clusters and classification of microcalcification clusters into
benign and malignant. The diagram of the method of the
present invention is shown in FIG. 1. As end-products of the
method, there are obtained two artificial neural networks for
classifying microcalcifications and microcalcifications clus-
ters respectively, which are products of the evolutionary
approaches that are described.

Step 1. Pre-Processing:

The main objective of the pre-processing step is to elimi-
nate those elements in the image that could negatively affect
the process of microcalcification detection and comprises the
sub-steps of:

receiving the original images as input.

applying a median filter in order to eliminate the back-
ground noise, keeping intact the significant features of the
images. A median filter is a non-linear filter frequently used to
eliminate high frequency noise without deleting significant
features of the image. A 3x3 mask is used, centering it in each
pixel of the image, replacing the value of the central pixel with
the median of the surrounding nine pixels covered by the
mask. The size of this mask was chosen empirically, trying to
avoid the loss of local details.

creating binary images from each filtered image. The pur-
pose of the binary images is to help an automatic cropping
procedure to delete the background marks and the isolated
regions, so the image will contain only the region of interest.

applying a cropping procedure to the binary images, which
eliminates isolated elements that are not connected with the
group of pixels corresponding to the breast, and then makes
adequate vertical and horizontal cuts based on the sums of
pixels by rows and columns in the binary image in order to
produce preprocessed smaller images, with less noise.

Step 2. Detection of Potential Microcalcifications (Signals):

The main objective of this step is to detect the mass centers
of the potential microcalcifications in the pre-processed
images from the previous step by:

using the optimized difference of two gaussian filters
(DoG) for enhancing regions containing bright points in the
pre-processed images;

globally binarizing the resultant images after applying a
DoG filter, using an empirically determined threshold. In the
resultant new image, regions of interest appear as isolated
pixels surrounded by dark regions;

identifying each of the isolated pixels surrounded by dark
regions by means of a region labeling algorithm;

extracting small 9x9 windows containing the regions ofthe
image whose centroids correspond to the centroids of the
points by means of a segmentation algorithm;

applying three selection methods to determine which
points are potential microcalcifications (signals), the first
method selects points according to the area of the region; the
second method selects according to the gray mean level of the
points and the third one according to the gray gradient. In
order to facilitate the detection of signals, 15 DoG filters are
applied sequentially, in such a way that the points discovered
by each filter are added to the points previously found, elimi-
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nating the repeated ones. All of these points pass through the
three selection procedures previously mentioned. The result
is a list of signals represented by their centroids.

3. Classification of Potential Microcalcifications (Signals):

The objective of this stage is to identify if an obtained
signal corresponds to an individual microcalcification or not
by:

extracting a set of features from the signals, related to their
contrast and shape. From each signal, 47 features are
extracted, related to signal contrast, background contrast,
shape features, contour sequence moments and some invari-
ant geometric moments.

passing the whole set of features through two selection
processes,—since there is no an a priori criterion for deter-
mine which features are the optimal features to be used for
classifying—, the first process attempts to eliminate those
features with high correlation with others, and the second
process use a derivation of the forward sequential search
algorithm. This algorithm decides what feature should be
added based on the information gain provided by that specific
feature. At the end, a feature subset that minimizes the clas-
sifier error is obtained.

classifying each signal by means of a three-layer feed-
forward ANN (artificial neural network) in one of two classes:
microcalcification and non-microcalcification. It is particu-
larly difficult to classify signals into benign or malignant
types, because this property is more related to groups of
microcalcifications and not to individual microcalcifications.
A traditional ANN and other three ANNs obtained from dif-
ferent evolutionary methods are used and compared for deter-
mining the most accurate classifier. These evolutionary
approaches are:

Evolution of the ANN weight set.

Evolution of the initial weight set of an ANN, for a poste-

rior gradient-based training.

Evolution of the architecture and basic parameters of an

ANN, for a posterior gradient-based training.
4. Detection of Microcalcification Clusters:

In this stage, the microcalcification clusters are identified,
using the microcalcifications detected in the previous stage
by:

receiving the list of the microcalcifications as input;

producing a list of cluster features extracted and selected
from each cluster using an algorithm for locating microcal-
cification cluster regions where the quantity of microcalcifi-
cations per cm2 (density) is higher. This algorithm keeps
adding microcalcifications to their closest clusters at a rea-
sonable distance until there are no more microcalcifications
left or the remaining ones are too distant for being considered
as part of a cluster. Every detected cluster is then labeled.

5. Classification of Microcalcification Clusters:

This stage has the objective of classifying each cluster into
the classes benign or malignant by:

extracting a cluster feature set from every microcalcifica-
tion cluster detected in the previous stage. The feature set is
constituted by 30 features, related to cluster shapes, micro-
calcification areas and microcalcification contrasts; and

determining the most accurate classifier using a conven-
tional ANN and three ANNs obtained from the evolutionary
methods previously mentioned are used and compared for.
These evolutionary approaches are:

Evolution of the ANN weight set.

Evolution of the initial weight set of an ANN, for a poste-

rior gradient-based training.

Evolution of the architecture and basic parameters of an

ANN, for a posterior gradient-based training.
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Finally it must be understood that the method for the detec-
tion and classification of microcalcification clusters in digital
mammograms of the present invention, is not limited exclu-
sively to the embodiments above described and illustrated
and that the persons having ordinary skill in the art can, with
the teaching provided by the invention, to make modifications
to the method for the detection and classification of micro-
calcification clusters in digital mammograms of the present
invention, which will clearly be within of the true inventive
concept and of the scope of the invention which is claimed in
the following claims.

What is claimed is:

1. A method for the detection and classification of micro-
calcification clusters in digital images, comprising the steps
of:

a) obtaining one or more digital images;

b) pre-processing the one or more digital images by elimi-
nating noise from each one or more digital images, to
produce one or more preprocessed digital images having
less noise;

¢) generating a list of points that are potential microcalci-
fications represented by their centroids, in the one or
more pre-processed digital images;

d) pre-classitying each point of potential microcalcifica-
tion as a microcalcification or non-microcalcification to
produce a list of classified points of potential microcal-
cifications;

e) identifying microcalcification clusters from the list of
classified points of potential microcalcification, using an
algorithm for locating microcalcification clusters; and

1) classifying each cluster into the classes benign or malig-
nant.

2. The method according to claim 1, wherein the step b)

comprises the sub-steps of:

applying a median filter in order to eliminate background
noise, keeping significant features of the preprocessed
images intact, wherein a 3x3 mask is used, centering the
mask on each pixel of the image, and replacing the value
of the central pixel with the median of the surrounding
nine pixels covered by the mask;

creating binary images from each filtered image; and

applying a cropping procedure to the binary images, which
eliminates isolated elements that are not connected with
the group of pixels corresponding to a breast, and then
makes adequate vertical and horizontal cuts based on the
sums of pixels by rows and columns in the binary image
in order to produce smaller preprocessed images having
less noise.

3. The method according to claim 1, wherein the step c¢)

comprises the sub-steps of:

using the optimized difference of two gaussian filters
(DoG) for enhancing regions containing bright points in
the pre-processed images;

globally binarizing the resultant images after applying a
DoG filter, using an empirically determined threshold,
wherein regions of interest appear as isolated pixels
surrounded by dark regions;

identifying each of the isolated pixels surrounded by dark
regions using a region labeling algorithm;

extracting small 9x9 windows containing regions of the
image whose centroids correspond to the centroids of
the points of potential microcalcification, using a seg-
mentation algorithm; and

applying three selection methods to determine which
points are potential microcalcifications:

a first method selects points according to the area of the
region;
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a second method selects points according to the gray
mean level of the points; and
a third method selects points according to the gray gra-
dient;
wherein to facilitate detection of signals, fifteen DoG filters
are applied sequentially in such a way that the points
discovered by each filter are added to the points previ-
ously found, eliminating the repeated ones, all of these
points passing through the three selection methods,
resulting in the list of points that are potential microcal-
cifications represented by their centroids.
4. The method according to claim 1, wherein the step d)
comprises the sub-steps of:
extracting a set of features from the points that are potential
microcalcifications represented by their centroids,
wherein said features are related to signal contrast, back-
ground contrast, shape features, contour sequence
moments, and invariant geometric moments;
passing the set of features through two selection processes,
wherein a first process attempts to eliminate those fea-
tures having high correlation with others, and a second
process uses a derivation of a forward sequential search
algorithm that decides what feature should be added,
based on information gain provided by that specific fea-
ture, to obtain a feature subset that minimizes the clas-
sifier error; and
classifying each set of features from the points that are
potential microcalcifications, using a three-layer feed-
forward artificial neural network, into one of two
classes: microcalcification and non-microcalcification.
5. The method according to claim 4, wherein the artificial
neural network is obtained from the following evolutionary
methods:
evolution of the artificial neural network weight set;
evolution of the initial weight set of an artificial neural
network, for a posterior gradient-based training; and

5

10

15

20

25

30

8

evolution of the architecture and basic parameters of an
artificial neural network, for a posterior gradient-based
training.

6. The method according to claim 1, wherein the step e)
comprises the sub-steps of:

receiving the list of classified points of potential microcal-

cifications as input; and
producing a list of cluster features extracted and selected
from each cluster using an algorithm for locating micro-
calcification cluster regions where the quantity of micro-
calcifications per cm? (density) is high, wherein said
algorithm keeps adding microcalcifications to their clos-
est clusters until there are no more microcalcifications
remaining or the remaining microcalcifications are too
distant to be considered as part of a cluster.
7. The method according to claim 1, wherein the step f)
comprises the sub-steps of:
extracting a cluster feature set from the microcalcification
clusters detected in the step e), the feature set comprising
features related to cluster shapes, microcalcification
areas, and microcalcification contrasts; and

determining the most accurate classifier for classifying
each cluster using a conventional artificial neural net-
work and three other artificial neural networks obtained
from different evolutionary methods.
8. The method according to claim 7, wherein the three
artificial neural networks are obtained from the following
evolutionary methods:
evolution of the artificial neural network weight set;
evolution of the initial weight set of an artificial neural
network, for a posterior gradient-based training; and

evolution of the architecture and basic parameters of an
artificial neural network, for a posterior gradient-based
training.



